IN VITRO CULTURE OF HUMAN SKIN EPITHELIAL CELLS* MARVIN A. T{ARASEK, PH.D.
Human embryonic and post-embryonic skin has been studied in organ and cell culture over the past three decades (1-4). Everett et al used cell culture methods to evaluate toxicity of locally applied drugs to the skin (5) and also to compare effects of allergens on sensitized and non-sensitized human skin (6) . Other studies illustrating the application of cell and organ culture teehnies to skin tissue have been recently reviewed by Prunieras (7) .
We have been interested in the growth of postembryonic human skin epithelial cells in cell culture as a system for obtaining information about the biochemistry of keratinization. The keratinocyte, in contrast to skin fibroblasts, exhibits limited growth in culture during which keratin is formed (8) . The factors that determine whether multiplication or keratinization shall occur are only partially understood at present.
This report is a study of some of the physical and chemical parameters that influence multiplication of post-embryonic skin epithelial cells in vitro.
MATERIALS AND METHODS
Skin Tissue. Foreskin tissue was obtained within 3 hours after circumcision. The tissue was soaked in flanks' Balanced Salts Solution (containing 500 pg streptomycin and 1000 units penieillin/ml) for 1 hour at 25°C.
Embryo Extract. Chick embryo extract was prepared by the method of Paul (9) from 9 day old virus-free embryos. Extracts were stored at -20°C and used within 3 months of preparation. Outgrowth Medium. Eagle's Minimal Essential Medium (MEM) was purchased from Microbiological Associates. Final outgrowth medium was prepared by the addition of the following components to 100 ml MEM: calf serum (12 ml); 200 mM Lglutamine (1 ml); 10,000 pg streptomycin; and 20,000 units penicillin.
Skin Cultures. Foreskin tissue was cut into sections 1.5 X 1.5 mm. Four explants were placed on Corning eoverslips in a 35 mm disposable plastic Petri dish (Falcon Glassware). complete medium at 37° C from full thickness explants of post-embryonic skin. The cells are polygonal ( Fig. 1) , and grow as tightly adherent sheets that can be removed from the coverslips as sheets by lifting with a knife edge.
Removal of the epidermis from skin with a Maximal rate of growth occurs in the first 10 days in the complete system. During the 4th to 9th days, a linear rate of increase is seen, and a plateau is approached at approximately the 10th day. Effect of Media.-In Table I , the growth rates of epithelial cells in various media is shown. As Effect of &ra.-Concentrations of calf serum higher than 10% do not further increase growth rates beyond levels described earlier, At equivalent concentrations, pooled adult human serum decreases (50% of control calf) outgrowth of epithelial cells (Table TI) .
Optimum Oxygen Concentrations.-E pit hclial growth is markedly inhibited at high oxygen tensions (95%), and does not occur under 5%.
Optimal growth occurs at oxygen concentrations in the range of 20-40% (Table III) variation occurs in growth kinetics, and a more frequent bacterial contamination is encountered. The identification and origin of cells from explants of full-thickness skin in a synthetic medium has been uncertain. Hsu (13) reported that the frequency of mitoses of epithelial cells was erratic, and an unusually high percentage of cells in metaphase was observed. These findings suggested that in hanging drop cultures, emigration of cells accounted for the number of cells present in the outgrowth. Parshley and Simms (3) and Maltoltsy and Sinesi (14) observed a similar loss in mitotic activity of epithelial cells in culture.
The findings reported in this paper show that the epithelial cell is able to synthesize DNA as judged by the uptake of tritiated thymidine. In addition, multiplication of epithelial cells is observed in the absence of the explant. From these observations, it may be concluded that multiplication occurs in cells not in immediate contact with the explant. In cell culture, emigration of cells may account for the early appearance of the population, but independent multiplication for subsequent growth. Although many cell types of cuboidal appearance are present in fullthickness skin explants, the cell referred to as epithelial in this report originates in the epidermis. When human dermis free of epidermis and hair follicles is cultivated in vitro, outgrowth of epithelial-like cells does not occur; in contrast epidermis with a minimum of dermis attached to the stratum basale results in the typical polygonal cell described in the present study and by others (2, 3, 13) . In addition, electron micrographs of the polygonal cell population show morphologic details characteristic of the skin epithelial cell in vivo. These morphological features include the presence of desmosomes and tonofilaments as illustrated in Fig. 2 , and from which it may be concluded that the cell type The effect of oxygen tension on outgrowth of (15) reported that chick skin grew as well in 100% oxygen as in 10% oxygen, while Pace et al (16) found that human skin appeared to be more sensitive to high oxygen tension than liver cells. The findings in this paper support the studies of Pace et al (16) in that high (above 50%) or low (below 10%) oxygen tensions inhibit epithelial growth. Optimum growth occurred between 20-40% oxygen. An explanation for the toxicity of oxygen to epithelial cells is not known.
An interesting aspect of epithelial cell growth in culture is the appearance of microfibrils between cells when cell migration occurs (Fig. 4) . Independent migration of epithelial cells from explants without contact with other epithelial cells by protoplasmic channels has never been observed and appears to be an integral part of epithelial cell migration. The biologic need for this type of cellular contact is only speculative at present.
Only limited multiplication of epithelial cells occurs in primary cultures of epithelial cells.
This phenomena does not appear to result from a nutritional deficiency of the growth medium since other media of a more complex and complete nature do not improve growth (Table I) . That epithelial cell growth in vivo may be controlled by an intracellular accumulation of a mitotie repressor has been convincingly argued by Bullough (17) . Although such factors have not yet been isolated from primary cultures of postembryonic human skin, primary growth of skin epithelial cells provides a simple and useful experimental model system for examination of similar and alternative hypotheses.
SUMMARY
The origin and identification of cells from primary cultures of post-embryonic human skin have been determined, and the physical and chemical parameters that affect growth have been studied. Epithelial outgrowth occurs by a process of independent cell multiplication as shown by radioautography with tritiated thymidine. Increased oxygen tension, serum concentration, and pH either completely inhibit or markedly retard epithelial cell growth. Electron micrographs of epithelial cells in culture reveal morphologic detail (tonofilaments, desmosomes) characteristic of epithelial cells observed in vivo. Protoplasmic filaments which connect migrating epithelial cells are described.
